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ABSTRACT 
 
Background: Survival to breast cancer has increased all over the world; however, secondary and long-term 
side effects which may increase cardiometabolic risk (CMR) and deteriorate the quality of life of survivors 
may occur to oncological treatments. The objective of this work was to evaluate the modification of these 
factors after a combined and progressive exercise program. Methods: Self-controlled clinical study. Women 
younger than 65 years old, survivors of breast cancer, and with authorization from their oncologist signed an 
informed consent and followed a combined and progressive exercise program of 24 weeks. The CMR was 
evaluated with biochemical, anthropometric and cardiorespiratory fitness (CRF) parameters; the quality of 
life was evaluated (questionnaires SF-36 and FACT-B) at the beginning and end of the program. Descriptive 
statistics and evidence of Wilcoxon sign test were used (p <0.05, SPSS v20.0 Windows). Results: Thirty 
women, 52 year-old with a body mass index (BMI) of 28.9 kg/m2 were evaluated. After 24 weeks there was 
a significant improvement for the CRF with an increase of 2.9 METs and 10.1 mL*kg -1*min-1, and for the 
quality of life with an increase of 9.0 and 11.1 points (SF-36 and FACT- B respectively). The BMI decreased 
1.1 kg/m2, the waist 3.7 cm, the fat mass 3.0% and the muscle mass increased 2.9%. Conclusions: The 
exercise program decreased the CMR by increasing CRF, improving body composition and decreasing 
abdominal fat mass; these results lead to the perception of a better quality of life. Keywords: Breast cancer; 
Survivors; Exercise; Cardiometabolic risk factors; Quality of life. 
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INTRODUCTION 
 
Breast cancer is the second most common type of cancer in the world and the most frequent in women (Bray 
et al., 2018). In Mexico, it ranks first in incidences of malignant neoplasms and is the leading cause of cancer 
death in women over 25 years of age (Información estadística cáncer de mama, 2016). 
 
Despite the high mortality rates, the percentage of women who survive this type of cancer is increasing as a 
result of opportune diagnosis and the efficacy of oncological treatments; therefore the health system faces 
the challenge of decreasing the rates of the disease recurrence or premature death, and improving the quality 
of survival of these patients. 
 
Five-year survival rates range from 80% or more in North America, Sweden and Japan, to 60% in middle-
income countries or less than 40% in low-income countries (Allemani et al., 2015). 
 
The survival rates reported in Mexico have been 83.1% for 5-year global survival, and 81.8% for 5-year 
disease-free survival (Maffuz-Aziz et al., 2016). The percentage of overall survival is higher in the early 
stages: 96.8% for stages I and IIA, 74.6% for locally advanced stages (IIB, IIIA, IIIB and IIIC). 
 
Women who survive may have late and long-term side effects as a result of cancer treatments, like 
lymphedema, cardiovascular problems (arrhythmias, congestive heart failure, hypertension), hormonal or 
osteoarticular problems, peripheral neuropathy, and emotional disorders (Bodai & Tuso, 2015). 
 
These events affect the patients’ quality of life in practically all its domains and can lead to a decrease in 
cardiorespiratory fitness; in fact, it is considered that almost a third of women surviving breast cancer have a 
peak oxygen consumption lower than the limit required for an independent life (Haykowsky et al., 2017). 
 
A sedentary lifestyle predominates in this population; it has been reported that only 20-30% of the patients 
are active after the treatments (Garcia & Thomson, 2014). This may promote the development of overweight, 
obesity, dyslipidaemias, insulin resistance, glucose intolerance, diabetes mellitus type 2, and cardiovascular 
disease, all which increase cardiometabolic risk. 
 
The regular practice of exercise is an effective intervention to improve cardiorespiratory fitness, some 
biomarkers of cardiometabolic risk, and the quality of life of these patients. However, its effect may vary 
depending on age, health status, and the exercise program prescribed (Lin et al., 2015; Mishra et al., 2012; 
Zeng et al., 2014). 
 
It is necessary to offer alternatives that allow surviving women to incorporate exercise into their lifestyle. 
Therefore, the objective of this study was to evaluate the effect of a combined, individualized, and progressive 
physical exercise program of 24 weeks on cardiometabolic risk factors and quality of life of survivors of breast 
cancer. To our best knowledge, this is the first study conducted in Mexican women, and it could become the 
basis for a model of care addressed to these patients. 
 
MATERIALS AND METHODS 
 
The objectives and interventions during the study were explained to the patients who gave their approval by 
signing the informed consent in compliance with the Helsinki declaration. The study was approved by the 
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Local Research and Ethics Committee of the National Institute of Rehabilitation “Luis Guillermo Ibarra Ibarra” 
(NIRLGII), with registration number 29/14. 
 
The study included women under 65 years of age who were breast cancer survivors, sedentary, without any 
data of osteoporosis, with mobility arches of ≥ 90º in the upper limbs, without edema, who had concluded 
their oncological treatments at least 3 months before and had the authorization from their treating medical 
oncologists. 
 
Patients who did not comply with 80% attendance to the exercise sessions or who presented a lesion that 
took more than 15 days to heal were eliminated from the study. Patients with signs and symptoms of 
depression and/or severe anxiety, had a body mass index >40 kg/m2, any metabolic disorder without control 
(diabetes mellitus type 2, hyper or hypothyroidism), severe hypertension induced by the exercise or 
presented contraindications to the practice of exercise according to the criteria of the American College of 
Sports Medicine (ACSM) were excluded (American College of Sports Medicine, 2017). The pre-participation 
risk was stratified according to the ACSM. 
 
Study design 
The study was a self-controlled clinical trial carried out at the National Center for Research and Care in Sports 
Medicine of the NIRLGII of the Secretary of Health. The study was conducted with a convenience sample of 
30 patients who met the inclusion criteria. The intervention lasted 24 weeks during which patients followed 
an individualized, combined, dosed, and supervised program of physical exercise with periodic progression; 
they also followed nutritional recommendations in order to improve their eating habits. 
 
The cardiometabolic risk was evaluated with the body mass index (BMI), waist circumference, biochemical 
variables (LDL, HDL, triglycerides, cholesterol, glucose, and insulin resistance index HOMA), systemic blood 
pressure, and cardiorespiratory fitness. The latter was assessed by maximal oxygen consumption (VO2max) 
and metabolic equivalents (METs). Quality of life was evaluated with the SF-36 health, and the Functional 
Assessment of Cancer Therapy (FACT-B for patients with breast cancer) Spanish version questionnaires. 
The evaluations were made before starting the intervention and 24 weeks later; the cardiorespiratory capacity 
for the progression of aerobic exercise was re-evaluated during week 13. 
 
Anthropometry 
Body weight and height were measured in a stadiometer and electronic scale (SECA, model 703, Germany) 
with patients wearing light clothing. The waist circumference was measured at the level of the umbilical scar. 
The body density was determined by the Durnin-Womersely equation, while the percentage of fat mass was 
obtained with the Siri formula; the percentage of muscle mass was calculated by Matiegka's four-component 
method (Heyward & Wagner, 2004). 
 
Additionally, the circumference of 5 regions of both arms was measured before and after each exercise 
session as a preventive control for the development of lymphedema. The regions measured were 
metacarpophalangeal, biestiloid, supracondylar, forearm, and relaxed arm joints. All measurements were 
made following the international standards for anthropometric assessment and were carried out by certified 
personnel. 
 
Laboratory tests 
Patients were instructed to avoid alcohol consumption and not to exercise 24 hours before taking blood 
samples; and they attended lab under an 8-hour fast. Samples were taken for the determination of glucose 
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levels (mg/dL), insulin (μU/mL), total cholesterol (mg/dL), high and low density lipoproteins (HDL, LDL) 
(mg/dL), triglycerides (mg/dL), liver enzymes alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) (IU/L), uric acid (mg/dL), total proteins (g/dL), total bilirubin (mg/dL), phosphatase 
alkaline (U/L), gammaglutamyl transferase (U/L) and blood biometry. The HOMA-IR index ([glucose mg/dL x 
insulin μU/mL]/405) was determined, considering a value > 2.4 as insulin resistance for the Mexican 
population. The samples were processed in the NIRLGII central laboratory. 
 
Cardiorespiratory capacity 
The cardiorespiratory capacity was assessed by means of a maximal effort test on a treadmill according to 
the Balke protocol (Heyward, 2008). The stress test was performed after cardiac evaluation with an 
electrocardiogram at rest with 12 leads. Based on the results obtained, the maximum oxygen consumption 
(VO2max mL*kg-1*min-1) and the metabolic equivalents (METs) were calculated. 
 
Quality of life 
The quality of life was assessed through the application of the SF-36 health questionnaire and the FACT-B 
(Spanish version) both validated for Mexican population (Fernández-Suárez, Blum-Grynberg, Aguilar-
Villalobos, Bautista-Rodríguez, 2010; Zúniga, Carrillo-Jiménez, Fos, Gandek, Medina-Moreno, 1999). 
Questionnaire SF-36 provides a profile on the state of health through 8 dimensions (physical function, 
physical role, body pain, general health, vitality, social function, emotional role, and mental health); it 
encompasses the results in physical and mental health. The FACT-B values the quality of life in a 
multidimensional way considering the physical, functional, emotional, and sociofamiliar well-being, and it 
includes a specific sub-scale for patients with breast cancer. The Trial Outcome Index (TOI) was calculated 
by adding the physical and functional well-being and the sub-scale for breast cancer, a measure that focuses 
on the impact of medical treatment. For both questionnaires and TOI, the higher the score, the better the 
quality of life. The questionnaires were applied before starting the intervention and at the end of it.  
 
Exercise program 
The exercise program lasted 24 weeks, it was individualized according to the capabilities of each patient, 
supervised by trained sports trainers and with periodic progression. The program was designed to perform 
the strength and the aerobic component on alternate days; it consisted of one macrocycle of 24 weeks, two 
mesocycles of 12 weeks each, 6 microcycles of 3 to 6 weeks, 22 cycles of 1 week, and 91 sessions (Table 
1). 
 
The patients performed the program in groups of 3-5 or individually; their attendance to the exercise sessions 
was recorded in a list. 
 
Each session began with 5 minutes of joint movement in cephalo-caudal direction and 10 minutes of cycling 
or treadmill warm-up; and they finished with general flexo-elasticity movements for 10 minutes as recovery. 
The patients used a compression sleeve on the affected arm during all the exercise sessions. 
 
Strength training 
The strength training included isotonic exercises of the different muscle groups, which started at the centre 
of the body in order to achieve adequate stability, and followed with the upper limbs and lower limbs. 
 
The first two weeks focused on promoting adaptation to exercise and to supervise that the execution 
technique was appropriate taking into account that the patients were sedentary. For the exercises focused 
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on the centre of the body, the Swiss ball was used; the frequency was 2 days/week at very light intensity 
(<30% 1RM) (American College of Sports Medicine, 2017). 
 
Table 1. Description of the combined exercise program 
Baseline evaluation Week 0 
Weeks 1-2. Anatomical adaptation phase 
Frequency: 2 days/week 
Intensity: <30% 1RM 
 
Microcycle Week 
Volume Intensity  Frequency 
(days/week) 
Method 
set/rep min  % 
HRR 
 
 
Mesocycle 
1 
1 
3-4 
5-6 
1/10-12  
2/10-12 
 
Very 
light*  
 3  
Circuit 
 
Treadmill 
Static 
bicycle 
Stepper 
2 
7-8 
9-12 
10-12 
1/12  
2/12 
2/12 
 
30 
Light-
Moderate 
 
40 2 
2 
3 
Mid-term evaluation  Week 13 
 
 
 
 
 
Mesocycle 
2 
3 
14 2/8  
40 Light      
40-
60 
 
 
 
4 
 
3 
 
 
Stations 
 
 
 
 
Treadmill 
Static 
bicycle 
Stepper 
15 2/12 
16 3/12  
4 
17 2/8  
50 Moderate 18 2/12 
19 3/12 
5 
20 2/8 
60 Moderate 21 2/12 
22 3/12 
6 
23 2/8 30 
Light     40 2 2 
24 2/12 20 
Final evaluation Week 25 
Note. The white columns of volume, intensity, frequency and method correspond to the characteristics of the strength training, 
while the shaded ones correspond to the aerobic training. 1 RM: One repetition maximum; Rep: Repetitions; HRR: Heart rate 
reserve. 
 
In weeks 3 to 6, the number of exercises was increased to 10 and the use of dumbbells and elastic bands 
was added. The intensity was light (40% of the 1 RM), with circuit method; the volume was 1 set of 10 to 12 
repetitions and progressed in week 5 to two sets, the rest period was 2 minutes between sets, the speed of 
execution was moderate, and the frequency was 3 days/week (Kraemer et al., 2002). 
 
As of week 7, the training means were changed to weight machines, and the circuit method continued with 
work of both upper and lower train in the same session. The progression in these weeks was based on 
volume, thus the number of repetitions and sets was increased. 
 
In week 14 the method was modified to stations; the frequency was 2 days for upper train and 2 days for 
lower train in order to maximize the specific force gain. The rest periods were from 2 to 3 minutes between 
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series, the speed of execution was slow to moderate and the intensity was light but progressed to moderate 
with increments of 10% each week (40% to 60% of the 1RM) (American College of Sports Medicine, 2017). 
 
In order to achieve greater attachment to the program, it included variation of the exercises as well as a 
gradual progression. The volume was increased each week and the intensity was increased by 10% every 3 
weeks, according to the recommendation of the ACSM strength training progression models (Kraemer et al., 
2002). Table 2 shows the exercises performed and the equipment used in each stage of the training. 
 
Table 2. Equipment used and exercise performed in each stage of the strength training 
 Equipment Exercise 
Weeks 1-2 Elastic bands, dumbbells, Swiss ball 
Reverse roll-up, lumbar extension*, dumbbell 
squats*, crunch*, dumbbell biceps curl*. 
Microcycle   
1 Elastic bands, dumbbells, Swiss ball 
Exercises of the previous weeks + triceps with 
dumbbells*, chest press with elastic bands*, 
seated row with elastic bands*, obliques abs*, 
dumbbells lateral raise*. 
2 
Weight machines, Swiss ball, 
dumbbells 
Knee extension, biceps curl, leg curl, dumbbells 
lateral raise, leg press, dumbbell chest press, leg 
press calf raise, lumbar extension*, dumbbell 
squats*, triceps extension, crunches. 
3-6 Same as microcycle 2  
Knee extension, leg curl, leg press, dumbbell 
squats*, leg press calf raise. 
Biceps curl, lateral raise, triceps extension, front 
raise, chest press. 
* For these exercises the Swiss ball is used as support. 
 
Aerobic exercise training 
The aerobic exercise started from week 7 in a continuous mode, it alternated activities with walking, static 
bicycle, and stepper in order to improve adherence to the training program. The patients trained at 40-60% 
of the heart rate reserve obtained in the baseline assessment; it was monitored during each session by using 
heart rate monitors (Polar Electro, model T31C, Finland) in order to ensure that the training load was the 
appropriate. The program was re-adjusted in week 13 according to the results of the mid-term evaluation. 
 
All the components of exercise prescription decreased in the two weeks prior to the final evaluation in order 
to achieve better performance. 
 
The frequency, intensity and volume of strength and aerobic training is detailed in Table 1. 
 
The patients received nutritional recommendations after an interview with the specialist in order to determine 
the eating habits and calculate the daily caloric intake. 
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Statistical analysis of results 
The SPSS v.20 program for Windows (Chicago, IL, USA) was used for all analyses. The data are shown as 
percentages, averages and medians (minimum-maximum). Normality was assessed with the Shapiro-Wilkins 
test. The significance of the changes in the study variables between the start and end of the intervention was 
determined by the Wilcoxon sign test, considering a value p <0.05 as significant in all cases. 
 
RESULTS 
 
The sample was formed with 30 patients, from which 24 completed the exercise program thoroughly (91 
sessions, 24 weeks). Six patients were eliminated due to loss of follow-up (5 patients due to lack of adherence 
and 1 patient due to breast reconstruction surgery); on average, the six patients attended 52 sessions (15.5 
weeks). In case of absence, the people responsible of the study contacted them on the telephone; patients 
were allowed to replenish the session(s) when they did not exceed 3 consecutive ones. In these cases, 
patients always returned to the session number where they interrupted the program. No adverse events 
related to the intervention were observed. 
 
Table 3 shows the demographic data of the patients. The BMI (28.9 kg/m2) placed the patients in the 
overweight range according to the classification of the World Health Organization. The most frequent stage 
was II (50.0%); most of the patients received chemotherapy, radiotherapy, and surgical treatment; the most 
frequent adjuvant pharmacological treatment during the intervention was hormonal therapy. 26.7% of the 
patients had controlled arterial hypertension, and one of them had controlled hypothyroidism. On average, 
patients began their participation in the study 29 months after diagnosis and 20.7 months after surgical 
treatment. 
 
Table 3. Demographic data of the study population (n=30) 
Age (years) 
Height (m) 
Weight (kg) 
52.0 (41.0-66.0) 
1.55 (1.49-1.73) 
70.2 (49.2-87.7) 
Stage (%) 
   0 
   I 
   II 
   III 
   IV 
 
3.9 
19.2 
50.0 
23.0 
3.9 
 
Oncological Treatment (%) 
   Chemotherapy 
   Radiotherapy 
   Surgery 
      Axillary lymph node dissection  
      Mastectomy 
 
 
 
89.7 
53.6 
 
63.3 
70.0 
Adjuvant pharmacological treatment (%) 
   None 
   Hormone therapy 
   Monoclonal antibodies    
 
23.3 
69.9 
6.7 
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Co-morbidities (%) 
Hypertension 
Hypothyroidism 
 
26.7 
3.3 
 
Level of education (%) 
   Basic 
   High school 
   Undergraduate studies 
   Postgraduate studies 
 
 
13.3 
46.7 
33.3 
6.7 
Note. Data are presented as medians (minimum-maximum) and percentage. 
 
Table 4. Study variables at baseline and at the end of the intervention 
Variables 
Baseline (n=30) 
Week 0 
Final (n=24) 
Week 25 
Δ 
Cardiometabolic Risk 
  Anthropometry 
    BMI (kg/m2) 
    Waist (cm) 
    Fat Mass (%) 
    Muscle mass (%) 
 
  Serum biochemistry tests 
    HDL (mg/dL) 
    Triglycerides (mg/dL) 
    Total Cholesterol (mg/dL) 
    LDL (mg/dL) 
    Glucose (mg/dL) 
    Insulin (µU/ml) 
    HOMA-IR 
 
  Blood pressure 
    Systolic (mmHg) 
    Diastolic (mmHg) 
 
  Cardiorespiratory fitness 
    METs 
    VO2max (mL*kg-1*min-1) 
 
Quality of life 
SF-36 
   Physical health 
   Mental health 
FACT-B 
   TOI 
 
 
28.9 (19.6-35.8) 
93.9 (77.5-120.3) 
37.4 (30.3-48.7) 
28.1 (17.8-33.2) 
 
 
45.5 (25.0-104.9) 
146.0 (61.0-530.0) 
188.5 (114.0-288.0) 
123.0 (44.0-178.3) 
95.5 (67.0-111.0) 
7.6 (1.6-26.6) 
1.8 (0.3-7.2) 
 
 
110.00 (90.0-130.0) 
69.0 (60.0-80.0) 
 
 
8.4 (6.3-11.1) 
29.4 (22.0-38.8) 
 
 
77.8 (38.0-96.2) 
76.8 (36.8-93.7) 
76.4 (36.0-100.0) 
114.0 (81.1-137.0) 
71.4 (52.0-89.0) 
 
 
28.0 (19.4-34.0)* 
93.3 (71.5-115.1)* 
34.6 (29.2-47.6)* 
30.8 (18.3-35.9)* 
 
 
47.0 (32.0-77.0) 
154.0 (63.0-222.0) 
185.5 (134.0-256.0) 
121.3 (64.0-157.5) 
91.5 (67.0-115.0) 
6.8 (1.9-19.6) 
1.4 (0.4-5.2) 
 
 
100.0 (90.0-130.0) 
60.0 (60.0-80.0) 
 
 
11.1 (8.4-12.9)* 
38.8 (29.4-45.1)* 
 
 
87.0 (45.7-98.1)* 
85.9 (53.1-96.2)* 
88.1 (36.1-100.0) 
121.5 (100.3-145.0)* 
77.0 (60.0-93.0)* 
 
 
-1.1 [-1.5,-0.6] 
-3.7 [-2.3,-5.2] 
-3.0 [-2.0,-3.9] 
2.9 [3.9,1.9] 
 
 
2.4 [-2.0,7.0] 
-34.2 [-72.0,3.5] 
-7.9 [-19.2,3.3] 
-2.5 [-12.8,7.7] 
-1.8 [-6.0,2.4] 
-1.7 [-4.1,0.6] 
-0.3 [-1.0,0.2] 
 
 
-3.5 [-8.1,1.0] 
-0.8 [-4.4,2.7] 
 
 
2.9 [2.4,3.3] 
10.1 [8.5,11.7] 
 
 
9.0 [5.0,13.0] 
12.0 [7.6,16.5] 
5.9 [-0.8,12.7] 
11.1 [6.9,15.2] 
8.9 [6.0,11.7] 
Note. Data are presented as medians (minimum-maximum).  Δ= final value - baseline value, presented as mean [CI 95%]. BMI: 
Body mass index; HDL: High density lipoproteins-cholesterol; LDL: Low density lipoproteins-cholesterol; METs: Metabolic 
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equivalents; VO2max: Maximum oxygen uptake. TOI (Trial Outcome Index) = physical well-being + functional well-being + sub-scale 
of breast cancer. *Significantly different relative to baseline (Wilcoxon signed test, p<0.05). 
 
At the end of the intervention, there was an improvement in the study variables, which was significant for 
cardiorespiratory fitness and quality of life (Table 4). Likewise, there was a significant decrease in BMI, waist, 
percentage of fat mass, and an increase in muscle mass. The biochemical variables improved; however, the 
changes were not statistically significant. 
 
Changes on the cardiometabolic risk factors observed in the patients at baseline and at the end of the 
intervention are shown in Table 5. 
 
Table 5. Percentage of patients with cardiometabolic risk factors at baseline and at the end of the intervention 
Variables 
% Baseline (n=30) 
Week 0 
% Final (n=24) 
Week 25 
  Anthropometry 
    BMI >24.9 (kg/m2) 
    Waist > 88 (cm) 
                      
  Serum biochemistry tests 
    HDL < 50 (mg/dL) 
    Triglycerides > 150 (mg/dL) 
    Cholesterol > 200 (mg/dL) 
    LDL > 100 (mg/dL) 
    Glucose > 100 (mg/dL) 
    HOMA-IR > 2.4 
 
  Cardiorespiratory fitness 
    METs <7.94 
    VO2max <27.79 mL*kg-1*min-1 
 
76.6 
80.0 
 
 
70.0 
46.6 
40.0 
66.6 
30.0 
26.6 
 
 
30.0 
30.0 
 
75.0 
62.5 
 
 
58.3 
50.0 
20.8 
66.6 
16.6 
20.8 
 
 
0.0 
0.0 
Note. Data are presented as the percentage of patients. The METs and VO2max were calculated according to the mean age of 
the study population (52.5 years). The HOMA-IR is for Mexican population and the biochemical values are according to ATP III 
criteria. 
 
The nutritional recommendations for the patients allowed the decrement of 303 Kcal/day on average on their 
usual diet and the significant increment of 2.2% in the consumption of protein. 
 
DISCUSSION 
 
The objective of the study was to evaluate the effect of a combined, individualized and progressive physical 
exercise program on cardiometabolic risk factors and the quality of life of women survivors of breast cancer. 
 
Among cardiometabolic risk factors, cardiorespiratory fitness is a strong predictor of mortality from any cause 
and per cardiovascular event in general population (Kodama et al., 2009). Regarding women, it has been 
estimated that a cardiorespiratory capacity superior to 8 METs (28 mL/kg*min) represents a substantially 
lower risk of death from any cause compared to those with a lower cardiorespiratory capacity (Gulati et al., 
2003). It has been reported that in the case of women surviving breast cancer, the cardiorespiratory capacity 
after the treatments received is approximately 25.0% lower than that observed in sedentary women of the 
Pegueros-Pérez et al. / Exercise on survivors of breast cancer                                        JOURNAL OF HUMAN SPORT & EXERCISE 
10 | 2019 | ISSUE - | VOLUME --                                                                                © 2019 University of Alicante 
 
same age but without a history of cancer (Beaudry et al., 2018; Jones et al., 2012). This is the reason why it 
is considered an important prognostic factor for recurrence of the disease and survival; therefore, an 
important objective for these patients is to maintain an adequate level of cardiorespiratory fitness throughout 
the continuum of breast cancer survival (Jones et al., 2012). 
 
At the beginning of this study, 9 patients (30.0%) had values below 8 METs but at the end of the intervention, 
all patients showed improved cardiorespiratory fitness with an overall increment of 2.9 METs, thus reducing 
the risk of death due to any cause to 17.0% for each MET increased (Gulati et al., 2003). On the other hand, 
the cardiorespiratory capacity expressed as oxygen consumption had an average global increment of 10.1 
mL*kg-1*min-1 (31.9%), this change was larger than the one reported in Beaudry et al. (2015) and Jones et 
al. (2011) meta-analysis of 3.13 and 2.9 mL*kg-1*min-1 respectively, but similar to the study by Scott et al. 
(2013) who reports a 32.0% increment after 24 weeks. 
 
It has been suggested that the decrease in VO2 in the survivor of breast cancer could be a consequence of 
the deleterious effects of anti-cancer therapy that impair the reserve capacity of organs and systems that 
regulate the release, transport and supply of O2 (Jones et al., 2012) and it has been proven that interventions 
with physical exercise programs favour changes in cardiac, peripheral vascular, and musculoskeletal 
functions which are reflected in the increase in VO2 (Haykowsky et al., 2016; Lahart, Metsios, Nevill, 
Carmichael, 2018). This improvement in cardiorespiratory fitness reduces the likelihood of cardiovascular 
disease, which is the main cause of mortality in women survivors of breast cancer (Gernaat et al., 2017; 
Riihimäki, Thomsen, Brandt, Sundquist, Hemminki, 2012). 
 
The magnitude of the changes observed in cardiorespiratory fitness is related to the management of the 
training variables (modality, volume, intensity, frequency and progression). The best results are obtained 
when the program design combines aerobic and strength training, which increases physical demand 
periodically once a steady state is reached (progressive overload) (Battaglini et al., 2014). In this study, an 
increase in the volume and intensity of aerobic exercise was applied beginning at week 12 (session 40); this 
design improved cardiorespiratory fitness 3 times more if compared to the results obtained with exercise 
programs of similar volume and intensity, but that did not take into account the progression variable in the 
design (Beaudry et al., 2015; Jones et al., 2011). 
 
Another cardiometabolic risk factor present in these patients is the weight gain that manifests as an increase 
in BMI which leads to an increase in body fat mass, mainly in the abdominal region, and a decrease in muscle 
mass. This condition leads to a phenotype of body composition known as sarcopenic obesity (Irwin et al., 
2005). It has been considered that the weight gain observed in patients after oncological treatments may be 
due to a decrease in total energy expenditure, a lower resting metabolic rate, less physical activity, and 
important changes in diet (Gadéa, Thivat, Planchat, Morio, Durando, 2012). On the one hand, Nichols et al. 
(2009) reported that for women who gained weight after breast cancer diagnosis, the risk of specific death 
from breast cancer increased 13.0%, from any cause 12.0%, and from cardiovascular disease 19.0% for 
every 5 kg of increase in weight. On the other hand, Chan et al. (2014) estimated that 12 months after the 
diagnosis, for each increase of 5 kg/m2 in BMI, the patients’ total risk of death increases 11.0% whereas risk 
of mortality from breast cancer increases in 14.0%. 
 
The anthropometric results of the present study show that the exercise program led to the average reduction 
of 1.1 kg/m2 in the BMI equivalent to 2.6 kg for a woman with average height of 1.55 m, improved body 
composition by reducing the percentage of fat mass in 3.0%, and increased the percentage of muscle mass 
in 2.9%. The significant decrease obtained in the waist circumference indicates a decrease in abdominal fat. 
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The changes observed are considered favourable; however, the causal mechanisms from which the weight 
loss or the modification in the body composition after the diagnosis improves survival have not been 
elucidated. What is known so far is that the accumulation of fatty tissue, mainly in the abdominal region, and 
high insulin levels promote insulin resistance, which is considered a metabolic status predictor of the 
development of chronic diseases such as metabolic syndrome, diabetes mellitus, and cardiovascular 
disease, conditions that, as for the general population, increase the risk of death due to cardiovascular 
disease and in the case of the population affected by cancer, deteriorate the quality of survival (Gadéa et al., 
2012). 
 
At the beginning of the present study, 77.0% of the patients were overweight or obese and 80.0% had a high 
waist circumference; with these anthropometric characteristics, 27.0% of the patients had insulin resistance, 
67.0% elevation of LDL, 40.0-47.0% elevation of cholesterol and triglycerides, and 70.0% decreased HDL. 
At the end of the intervention, 17.0% of the patients managed to reduce the waist circumference to healthy 
values, 19.0% decreased their cholesterol levels, and 12% improved the HDL levels; the rest of the  
biomarkers did not present substantial changes. However, it is important to point out that during the 
intervention the patients only received nutritional recommendations, that is to say, there was not a direct 
intervention on the composition or caloric intake. This is relevant since it has been observed in overweight or 
obese patients with any of the components of the metabolic syndrome and without a history of cancer, that 
the combination of diet and exercise has a greater impact on the modification of these biomarkers compared 
to the result of separate interventions (Shaw, Gennat, O’Rourke, Del Mar, 2006), therefore, monitoring closely 
the nutritional habits of the physically active survivor of breast cancer could promote better outcomes in her 
quality of survival. 
 
The intervention with supervised exercise, besides improving the cardiorespiratory capacity and body 
composition, was accompanied with a better perception of the quality of life. The average general change 
observed with the FACT-B questionnaire of 11.1 points is above the range considered as the minimum 
difference of clinical importance (MDCI) of 7-8 points, while the TOI is 2.9 points higher than the MDCI range 
of 5.0-6.0 points (Webster, Cella, Yost, 2003). Additionally, according to the SF36 questionnaire, the 
improvements observed in the physical and mental health scales (12.0 and 5.9 points) are also above the 
range observed as MDCI of 3.0 points for both scales (Fong et al., 2012). These results show that the exercise 
program significantly favoured the perception of a better state of health in the physical/functional domain. 
 
Within the limitations of the present study, the absence of a control group does not allow attributing the 
observed changes to the specific intervention with the exercise program. However, the significant changes 
obtained in cardiorespiratory fitness and body composition reflect the pattern observed in therapeutic 
interventions with exposure to exercise in this population. Another limitation of this study lies in the lack of a 
specific diet plan for weight loss; the change in the energy balance impacts on the path associated with 
obesity and the prognosis of recurrence of the disease or the development of other comorbidities. This path 
also involves the practice of physical exercise, so the combination of both interventions would further favour 
the expected changes. 
 
Among the strengths of this study, it can first be mentioned that within the proposed exercise program, the 
progression was taken into account; this variable allows reaching important physiological adaptations more 
quickly. Another positive element was the permanent supervision by trained personnel during the execution 
of the exercises; this favoured the absence of adverse events and the adherence to the intervention. 
Additionally, it allowed evaluating the patients’ acceptance and tolerance to the effort. 
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CONCLUSIONS 
 
In conclusion, it can be said that the program of combined exercise (strength and aerobic), supervised and 
progressive, of 24 week duration, was effective to increase the cardiorespiratory capacity and positively 
modify the body composition, which are considered as important components of functional capacity (fitness) 
in the breast cancer survivor. These changes contributed to a better perception of quality of life on the part 
of the patients, mainly in the domain of physical/functional health. 
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